We present a detailed spectroscopic study of Herschel 36 A (H36A), the main stellar component of the massive multiple system Herschel 36 in the Hourglass Nebula, based on high-resolution optical spectra obtained along an 11 years span. The three stellar components present in the spectrum of H36A are separated by means of a spectral disentangling technique. Individual spectral classifications are improved, and high precision orbital solutions for the inner and the outer orbits are calculated. H36A is confirmed to be a hierarchical triple system composed of a close massive binary (Ab1+Ab2, O9.5 V+B0.7 V) in wide orbit around a third O-type star (Aa, O7.5 Vz). The inner-pair orbit is characterized by a period of 1.54157 ± 0.00006 days, and semi-amplitudes of 181.2 ± 0.7 and 295.4 ± 1.7 km s −1 . The outer orbit has a period of 492.81 ± 0.69 days, and semi-amplitudes of 62.0 ± 0.6 and 42.4 ± 0.8 km s −1 . Inner and outer orbits are not coplanar, having a relative inclination of at least 20 degrees. Dynamical minimum masses of 20.6 ± 0.8 M , 18.7 ± 1.1 M , and 11.5 ± 1.1 M are derived for the Aa, Ab1, and Ab2 components, respectively, in reasonable agreement with the theoretical calibrations.
INTRODUCTION
Multiplicity is a distinguishing characteristic of the massive stars. The results of the in-course large spectroscopic, imaging and interferometric surveys of massive stars, which have samples of tens to hundreds of objects, indicate that at least 70% of the O-type stars in the Milky Way are multiple systems with, on average, two companions per central object (Sana 2017) . The presence of a close companion strongly affects the stellar evolution through mass-exchange episodes and dynamical interactions. Thus, together with the mass, the mass loss rate, and the rotation, it determines the final destiny of the star. However, how binaries are formed is still not fully understood. In particular, the processes that lead to the formation of a massive short-period (few days) binary remain unknown.
Herschel 36 (α 2000 = 18 h 03 m 40 s .321; δ 2000 = −24 • 22 42 .86; V = 10.3, Sung et al. 2000 ; O7: V + sec, Sota et al. 2014 ) is the main source responsible for the ionization of the Hourglass Nebula, a blister-type H region on the west side of Messier 8, one of the most studied Galactic star forming regions. A distance of 1.25 kpc for Herschel 36 (H36) was estimated by Arias Contact e-mail: acampillay@dfuls.cl et al. (2006) . The recent parallax measurement of H36 (0.90 ± 0.22 mas) published in the Data Release 2 of the Gaia mission (Gaia Collaboration 2018, GDR2) also places the system at a similar distance from the Sun.
As shown by HST/WFPC2 images (Maíz Apellániz et al. 2015a ), H36 can be considered a Trapezium-like system with no less than ten stellar components in a radius of ∼ 4 , most of them discovered through the various infrared (IR) studies of the region (e.g. Woodward et al. 1986 Woodward et al. , 1990 Stecklum et al. 1995; Arias et al. 2006; Goto et al. 2006) . Observational evidence, such as the compact morphology of the ionized gas emission and the high fraction of IR-excess sources, indicates the Hourglass region is extremely young. Herbig-Haro objects and other signatures of active star formation have also been found in this area (Arias et al. 2006 (Arias et al. , 2007 .
The optically brightest component of the "H36 Trapezium" is H36A, the main target of this paper. Among the most conspicuous secondary components, we mention the massive binary KS1 (H36B; Allen 1986; Woodward et al. 1990 ), the extended IR source Herschel 36 SE (H36C; Goto et al. 2006) , and the ultracompact HII region G5.97-1-17 (H36D), whose proplyd nature was established by Stecklum et al. (1998) . All of these peculiar objects lie within ∼ 3 from H36A, equivalent to 3750 au at the Hourglass distance. Previously considered a single O star, H36A was demonstrated to be a spectroscopic triple system (SB3) by Arias et al. (2010) . A picture of a hierarchical system, composed of a close massive binary (Ab1+Ab2; 1.5 days period) in wide orbit (∼500 days period) around a third O-type star (Aa) was proposed by these authors, who also determined preliminary radial velocity solutions for the inner and the outer orbits. After that, two components, namely the star Aa and the binary Ab, were resolved using the near-IR instrument AMBER attached to the VLT Interferometer (Sánchez-Bermúdez et al. 2014 ). In the latter study, the authors determined a projected distance of 1.8 mas, and a flux ratio between components close to unity.
This paper continues and supersedes the work from and is devoted to characterize the orbital properties of the triple system H36A in the most accurate possible way. The observational dataset is presented in Sec. 2. In Sec. 3 we describe the separation of the composite spectrum, the spectral classification of the individual stellar components, and the determination of the orbital solutions. These results are discussed in Sec 4. Finally, Sec 5 summarizes the conclusions.
OBSERVATIONS
The observations used in this work were obtained in the framework of the OWN Survey (Barbá et al. , 2017 , a high-resolution spectroscopic monitoring of massive stars. The OWN Survey started in 2005 and one of its goals is to set the multiplicity status of the Galactic O-and WN-type stars in the Southern hemisphere through radial-velocity studies. The survey makes use of astronomical facilities in Chile and Argentina, focusing on the échelle spectrographs attached to 2 m-class telescopes. For the particular case of H36A, the spectra were obtained at Las Campanas Observatory (LCO) and ESO/La Silla Observatory, both located in northern Chile, between 2005 to 2016. Table 1 presents a summary of the data, including instrumental configurations, representative resolving powers (R), and typical signal-to-noise ratios (S/N). The last column of the Table quotes the number of spectra (n) acquired with each configuration. Spectra from LCO were extracted and normalized using the standard IRAF 1 routines, whereas FEROS spectra from La Silla Observatory were reduced by means of the standard pipeline in MIDAS package provided by ESO.
ANALYSIS AND RESULTS

Spectral disentangling and radial velocities
To separate the composite spectrum of H36A we used the disentangling method by González & Levato (2006) , an iterative procedure that allows to reconstruct the individual spectra of the stellar components of spectroscopic binaries and to compute their radial velocities. We applied a modified version of the code developed by Veramendi (2012) for the treatment of triple and higher order spectroscopic systems.
For a thorough description of the technique the reader is referred to González & Levato (2006) and Veramendi (2012) , but the basic idea is to use alternately the spectrum of each component to calculate the spectra of the others. The single-lined spectra resulting from each step are then used to compute the radial velocities (RVs). The procedure is carried out in two blocks. The first one obtains the spectra of each component using the standard tasks for spectra manipulation, and the second one measures the RVs by cross-correlation. Each block depends on the results of the previous one. The procedure is thus iteratively run until convergence.
In order to work with a homogeneous sample, and because the spectra obtained with the FEROS spectrograph have a larger resolution, we applied the method to this data subset only. We chose the 3900 − 5000 Å spectral range as it contains most of the features suitable for the spectral classification and analysis of massive stars. The convergence was achieved in 10 block-iterations. Figure 1 shows a portion of the reconstructed spectra for the three stellar components. RVs and their errors obtained from the application of the method to the FEROS spectra are presented in Table 2 . For the échelle spectra from LCO, RVs were derived from the He λ4686 absorption line by fitting its profile with a sum of two Gaussian functions, one for each of the O-type stellar components (the B-type component does not contribute to this profile, see Sec. 3.2 for details on the spectral classification). Amplitude and dispersion for the two Gaussians were fixed in base of the values determined for the two O stars in the disentangled spectra. The measurements corresponding to the LCO spectra used in the computation of the RV solution, i.e. the 21 best in terms of orbital phase and S/N, are listed in Table 3 .
Since the continuum flux in the spectrum of H36A is the sum of the contributions of three stellar components, the spectral features in the individual disentangled spectra appear "diluted". Dilution factors were determined in an iterative way starting from the assumption that the binary and the third component contribute with roughly equal amounts of energy to the total flux, in agreement with the best-fit flux ratio f (Ab1 + Ab2)/ f (Aa) = 0.95 ± 0.12 found by Sánchez-Bermúdez et al. (2014) for the combined H and K-bands. A second starting assumption involves the flux ratio of the inner binary components which, according to their preliminary spectral types, was chosen to be f (Ab2)/ f (Ab1) = 0.5. The iterative method consists of three steps. First, each of the disentangled spectra is multiplied by a suitable factor to correct the dilution. Then, the three individual corrected spectra (after being shifted according to the corresponding RV) are combined into a composite spectrum. Finally, the latter is checked against true spectroscopic data, and the values of the dilution factors are adjusted from the visual comparison. The process is repeated until a satisfactory match is achieved. As a result, it was found that the Aa, Ab1, and Ab2 components contribute to the global blue spectrum by 46%, 38%, and 16% (with an uncertainty of about 2%), respectively. The S/N of the final spectra is 280 for Aa, 230 for Ab1, and 130 for Ab2.
Spectral classification
The disentangled spectra (corrected by the appropriate dilution factors; see Sec. 3.1) were used to fine-tune the spectral classification of the stellar components in the triple system. This was performed according to the Morgan-Keenan (MK) process, i.e., by comparison of each individual spectrum with a grid of classification standard Sota et al. 2011 Sota et al. , 2014 , the high-resolution disentangled spectra were degraded to the typical resolving power of the GOSSS data (R ∼ 2500).
The comparison between the H36A spectra and the standards was performed by direct visual inspection and also using MGB (Maíz Apellániz et al. 2012 , 2015b , an IDL code specially developed for this task. Figure 2 shows the scaled spectrum of each component together with that of the standard star that better represents its spectral type.
What follows is a brief description of the spectral classification differences with respect to the previous work by Arias et al. (2010) .
Herschel 36 Aa. The spectral type assigned to this star is O7.5 Vz, which means the addition of the "z" qualifier to the previously determined luminosity class. The "z" qualifier (Walborn 2007; see also Sota et al. 2011) refers to an unusually strong absorption in the He λ4686 line. The "OVz phenomenon", described in detail in Sabín-Sanjulián et al. (2014) and Arias et al. (2016) , is hypothesized to be caused by the extreme youth of the objects, although additional factors may also play a role. From the introduction of OVz standards in the grid (Maíz Apellániz et al. 2016), the "z" qualifier is assigned through the classical MK methodology of visual comparison. However a quantitative criterion proposed by Arias et al. (2016) can give a measure of the "magnitude" of the OVz phenomenon. The criterion, applicable to spectral types earlier than O8.5, states that an O-type spectrum is classified as Vz if the z parameter, defined as the ratio of the equivalent width of the He λ4686 line to the maximum between the equivalent widths of the He λ4471 and He λ4542, is greater or equal than 1.1. For H36Aa, we obtain z = 1.5, which is one of the largest values derived so far for this parameter.
Herschel 36 Ab1. The spectral type assigned to this star is O9.5 V, based on the absorption line ratios He λ4200/He λ4144 and He λ4542/He λ4387, which are smaller than unity (see Sota et al. 2011 for details on the spectral classification criteria). This is two subtypes cooler than the previous determination.
Herschel 36 Ab2. The published grid of classification standards of the GOSSS project includes types earlier than B0. Therefore, for the classification of this star we considered the standards and criteria described in Walborn & Fitzpatrick (1990) . At the same time we used a still unpublished version of MGB whose grid contains B-type standards. From the ratio of the Si λ4552 to the Si λ4089 absorptions, which is slightly larger than unity, we assigned a B0.7 V spectral type, i.e., one subtype cooler than the previous determination.
Orbital solutions
As shown by Arias et al. (2010) , Herschel 36 A is a hierarchical system composed of a close binary in wide orbit around a third star. To compute the orbital elements that characterize this triple system we used the IDL code orbit3.pro 2 developed by Andrei Tokovinin. This is an interactive program for the calculation of visual, spectroscopic, or combined visual-spectroscopic orbits. For a triple system, it allows to fit the inner and outer orbits simultaneously. Tokovinin & Latham (2017) explain in detail how orbit3.pro describes the triple system through 20 orbital elements, 10 for the inner pair (in our case, Ab1 + Ab2), and 10 for the outer pair (Aa + Ab, where Ab denotes the center of mass of Ab1 + Ab2). As the center of mass of the inner pair, Ab, moves in the outer orbit, the RVs of Ab1 and Ab2 are sums of the inner and outer orbital velocities. On the contrary, the RV of Aa depends only on the outer elements.
In general terms, the 20 orbital elements are required as input and then corrected iteratively. However, some of them are irrelevant for the fit in the case, like the present one, of a spectroscopic triple system for which the visual orbit is unknown. These elements are: the semi-major axes, the position angles of the line of the nodes, the orbital inclinations, and the "wobble factor", defined as the ratio of the astrometric amplitude to the semi-major axis of the inner orbit (see Tokovinin & Latham 2017) . The inner and outer orbital elements and their errors determined with orbit3.pro are presented in Tables 4 and 5 , respectively. The elements listed in Table 4 are: the inner orbital period (P in ), the epoch of maximum RV for the component Ab1 (T RV max ), the eccentricity of the inner orbit (e in , fixed), the RV semi-amplitudes K for the components in the inner orbit, the semiaxes a sin i projected according to the inclination of the inner orbit i in , the minimum masses M sin 3 i of each component, and the mass ratio q of the inner binary. The elements listed in Table 5 are: the outer orbital period (P out ), the periastron passage (T 0 ), the eccentricity of the outer orbit (e out ), the argument of periastron (ω), the systemic velocity (V 0 ), the RV semi-amplitudes K for the component Aa and the barycenter of the pair Ab1 + Ab2, the semi-axes a sin i projected according to the inclination of the outer orbit i out (note that inner and outer orbits can have different inclinations), the minimum masses M sin 3 i of the component Aa and the binary Ab, and the mass ratio q of the outer system. The rms values of the orbital solutions are also quoted in the last line of each Table. The eccentricity of the inner orbit was fixed at zero (left as a free parameter, it converges to a value smaller than 0.007 with an error comparable in magnitude). The corresponding RV curves and solutions are shown in Figures 3 and 4 .
From all our data we selected those which had better S/N and were obtained at orbital phases more convenient to determine RVs for the system's components. This procedure left us with 38 spectra to be used in the orbital determination. Their RV measurements, along with their residuals with respect to the orbits presented in the previous paragraph, are shown in Table 6 . In that table, the meaning of columns is as follows: (1) 
DISCUSSION
Stability and masses
According to the orbital elements obtained in Sec. 3.3, the inner binary revolves in a very tight (P in = 1.54157 d) circular orbit, at the time that moves in an eccentric (e = 0.29), much wider (P out = 492.8 d) orbit around the center of mass of the triple system. According to Mardling & Aarseth (2001) , a triple system is said to be stable if the periastron separation of the outer binary (R out ) satisfies the condition
where a in is the major semi-axis of the inner orbit. For H36A, this relation is widely satisfied as R out is approximately 100 times the minimum value for stability. The system is thus within the hierarchical space for triples in which the inner component is barely affected by perturbations from the third star.
The spectroscopic mass ratio obtained for the inner binary (q in = 0.613) points to an appreciable mass difference (∼38%) between the stellar components Ab1 and Ab2. On the other hand, the mass ratio derived from the outer orbit (q out = 0.681) implies that the mass of the star Aa is ∼2/3 of the total mass of the inner binary.
Since we lack direct information about the inclinations of the orbits, we are unable to derive absolute masses. However, further information can be obtained by combining the inner and outer orbital solutions. From M Ab sin 3 i out = 30.2 M and the mass ratio q in = 0.613, it turns that M Ab1 sin 3 i out = 18.7 M . Even under the assumption of i out = 90 • , this value exceeds that expected for an O9.5 dwarf according to the current theoretical calibrations. For example, the spectroscopic mass derived by Martins et al. (2005) from the calibration of the effective temperature of O stars is 16.5 M for this spectral type. Now, if i out ≈ 90 • , the mass of the most massive component turns to be M Aa ≈ 20.6 M , which is lower than the mass expected for an O7.5 V star (from the same calibration, M = 24.1 M for an O7.5 V). Conversely, if the inclination of the outer orbit is such that M Aa reaches the "expected" value of 24.1 M (i.e., i out ≈ 72 • ), then M Ab1 ≈ 21.7 M . This simple exercise shows that it is impossible to conciliate our dynamical (model-independent) masses with those from the theoretical calibrations for both stars simultaneously. The mass difference between our O dwarfs of types O7.5 and O9.5 results substantially smaller than that predicted by the theory (less than 2.5 M ; confront with the difference of 7.7 M from Table 1 by Martins et al. 2005) .
Beyond the uncertainty introduced by the unknown orbital inclination, the minimum mass derived for the most luminous component, M Aa (20.6 M ), is in agreement with other empirical determinations for non-evolved stars of similar spectral type. For example, Rauw et al. (2001) 
Relative inclination between inner and outer orbits
We now explore the orbital "architecture" of the hierarchical triple system H36A. The Ab1+Ab2 pair moves in an orbit of inclination i in , while revolves in a larger orbit of inclination i out around Aa. The values of i in and i out are constrained by the minimum masses derived from the spectroscopic orbital solutions. As previously discussed, it is reasonable to assume i out ≈ 90 • , such that M Ab1 does not exceed too largely the typical mass of an O9.5 dwarf. This subsequently leads to i in ≈ 56 • , meaning that inner and outer orbits are not coplanar. On the other hand, if i out ≈ 72 • , such that M Aa resembles that expected according to the theoretical calibrations, the resulting value for the inner inclination is i in ≈ 52 • . Whatever the case may be, the orbits are not coplanar. The difference between the inclinations inferred for the orbital planes is in the range [20 • , 34 • ]. However, since the orientation of each orbit on the sky is unknown, the former difference is only a lower limit on the relative orbital inclination. We thus conclude that the misalignment between both orbits is at least 20 degrees.
Along with other parameters such as the masses and eccentricities, the orientation of the angular momenta of the inner and outer orbits in triple systems is closely related to their origin, and provides information about the dynamical and dissipative processes intervening in their formation (e.g. Bate 2014 , Antognini & Thompson 2016 , Moe & Kratter 2018 . The alignment of the present orbits is connected to the alignment between the original circumstellar disks and the stellar spins (e.g. Wheelwright et al. 2011 ). In the case of a massive system, this in turn informs, for example, whether it forms via monolithic collapse and subsequent disk fragmentation (consistent with the model of massive star formation by Krumholz et al. 2009) Unfortunately, massive triple systems where elements of both outer and inner orbits are known are very scarce. Most of the current statistics comes from the study of low-mass stellar systems (e.g. Tokovinin , 2018 . While some triple systems have both orbits located in one plane, others show moderately to highly misaligned orbits. These misalignments are often accounted for by dynamical interactions with nearby members of the same cluster (Antognini & Thompson 2016) . shows that the orbit alignment depends on mass, being stronger in triple systems with low-mass primaries, compared to more massive stars. This means that chaotic stellar dynamics (e.g. collisions) may be important in the formation of massive multiple systems. Misaligned triple systems may also be created at that epoch of star formation when gas with randomly aligned angular momentum is accreted, changing the orientation of the outer orbit (Bate et al. 2010 ).
Like H36A, other massive hierarchical triple systems have the inner and outer orbits in different planes. An outstanding example is HD 150136, composed of an inner 2.67 d-period O3-3.5 V((f*)) + O5.5-6 V((f)) binary in a wider orbit (∼3000 d-period) around an O6.5-7 V((f)) star (Mahy et al. 2012; Sana et al. 2013) . Spectroscopic and astrometric observations point to a minimum relative inclination of ∼44 • between both orbits (Mahy et al. 2018 ). Another example is the σ Orionis triple system (Simón-Díaz et al. 2011 composed of an astrometric binary with a period of ∼156 years, whose primary component is at the same time a spectroscopic binary in a highly eccentric orbit with a period 400 times smaller (P ∼ 143 d). Recent interferometric observations allowed to resolve the orbit of the latter, confirming that inner and outer orbits are not coplanar and have a relative inclination of 120 • or 126.6 • (Schaefer et al. 2016) . Finally, it is worthwhile to mention the early-B multiple system HD 315031. Although somewhat less massive than H36A, this hierarchical triple system belongs to the same star forming region (it is a member of the young open cluster NGC 6530 in Messier 8), and shows similar orbital characteristics. González et al. (2014) studied in detail this system and concluded that it contains a very short-period (1.37-d) binary (B0.5 IV-V + B1 V) and a third star orbiting in an eccentric (e = 0.85), much wider (P = 482.9 d) orbit. From the stellar masses estimates, these authors found that the inclination between inner and outer orbits must be of 58 • or larger.
Constraints from the astrometric observation
Additional constraints to the total mass of the system can be derived from the AMBER interferometric observation obtained by Sánchez-Bermúdez et al. (2014) , on the condition that a reliable estimate of the distance is available.
For H36A, the GDR2 parallax is = 0.9028 ± 0.2192 mas, which has a large relative uncertainty, leading to a biased result if one estimates the distance by simply inverting the parallax (Lutz & Kelker 1973; Maíz Apellániz 2001; Luri et al. 2018) . Furthermore, the quoted uncertainty in GDR2 is just the internal one (or σ int ) and does not consider the effects of external random and systematic sources (Lindegren et al. 2018a,b) . Given those restrictions, to derive a GDR2 distance to Herschel 36 we take the following steps, where for the most part we use the strategy of Lindegren et al. (2018b) :
• We start by selecting several O stars in M8 and calculating the distance to the O-type stars in the cluster instead of the distance to Herschel 36 only. The goodness of fit for GRD2 astrometry recommended by Lindegren et al. (2018b) is the Renormalized Unit Weight Error (RUWE), a reduced χ 2 corrected by a magnitudeand color-dependent factor. We calculated RUWE for five O-type systems in M8: Herschel 36, 9 Sgr AB, HD 165052, HD 164816, and HD 164536. The value is lower than 1.4 for the first four targets and 2.22 for the last one. Therefore, we excluded it and used only the first four for the subsequent calculations.
• We compute an external (or total) uncertainty σ e as:
with k = 1.08 and σ s = 0.021 mas, as all targets are in the brightstar regime of Lindegren et al. (2018b) .
• We estimate the uncorrected (for possible parallax zero point) M8 parallax as:
where:
i are the weight and parallax of each of the selected four O-type systems, respectively.
• The random uncertainty of the M8 parallax is calculated as:
where V (θ i j ) is the parallax spatial covariance function for two objects separated by an angle θ i j .
• As described in Lindegren et al. (2018b) , there is a significant parallax zero point present in GDR2 but it likely depends on position, magnitude, and color. What is known from an analysis of quasars that cover most of the sky is that the global average is −0.030 mas. As we currently cannot do better than that we simply calculate a corrected M8 parallax (in mas) as: and give the two values for the M8 parallax (corrected and uncorrected) as a measure of the systematic uncertainty in GDR2.
• Finally, one has to consider the underlying spatial distribution of the sample to obtain a proper distance (a constant spatial distribution yields a singularity at zero parallax or infinite distance, see Lutz & Kelker 1973) . We use the method described by Maíz Apellániz (2001 Apellániz ( , 2005 , appropriate for Galactic OB stars such as the ones considered here, assuming that they belong to the isothermal disk component described by the parameters calculated by Maíz Apellániz et al. (2008) .
Following the above procedure, we obtain an uncorrected M8 parallax of 0.813 ± 0.044 mas and a corrected one of 0.843 ± 0.044 mas. Note that the random and systematic errors are comparable. The associated distances are 1245 +73 −65 pc (uncorrected) and 1199 +67 −60 pc (corrected). Both distances are within one sigma of the value of 1250 pc derived by Arias et al. (2006) using the CHORIZOS code (Maíz Apellániz 2004) to model the spectral energy distribution of the nearby stars and the extinction to the Hourglass Nebula. Therefore, we adopt the latter estimate for the distance to the system.
The modelling of the AMBER observation yields an angular separation of 1.81 ± 0.03 mas between the component Aa and the binary Ab. Once a distance is assumed (d = 1 250 pc in this case), we can infer the total mass of the system, M Aa+Ab , if we have information about the angular size of the outer orbit, a out . From Kepler's third law,
where G is the gravitational constant and P out the period of the outer orbit. Although only one astrometric datum is not sufficient to derive a robust value for the semi-major axis, we can put a constraint on that value making use of the obtained spectroscopic solution.
To that aim, we run orbit3.pro anew but fixing all the orbital parameters except for the semimajor axis, the periastron passage and the inclination of the outer orbit, while varying only the position angle of the line of nodes (Ω out ). The left-top panel of Figure 5 shows that when the position angle Ω out varies between 180 • and 270 • , a large range of orbital inclinations is in principle possible, specifically 26
However not all those inclinations are compatible with the minimum value of the total mass resulting from the spectroscopic solution, M Aa+Ab sin 3 i out = 50.8 M (see Table 5 ). The right-bottom panel of the same Figure shows the total mass as a function of the inclination. To be in concordance with the spectroscopic solution, the adopted value of the distance (1 250 pc, blue curve) implies i out ∼ 90 • and a maximum total mass of M Aa+Ab = 50.1 M . We considered two additional distance values (1 100 pc and 1 400 pc, cyan and yellow curves in Figure 5 , respectively) in order to check how the inferred total mass is sensitive to the adopted distance. We found that distances shorter than that adopted must be excluded since they yield total masses below the spectroscopic limit of 50.8 M . On the other hand, distances larger than the adopted allow orbital inclinations different from 90 • . For example, if the system was located at 1400 pc, and the total mass M Aa+Ab was in the range [50, 60] M , inclinations i out in both the range [58 • , 68 • ] and [114 • , 124 • ] could be possible. As a conclusion, the requirement of a similar "astrometric" and "spectroscopic" total mass of roughly 50.8 M imposes a strong constraint in the distance to the system, which must be equal or larger than 1.25 kpc. 
Photometric information
Because the orbital inclinations estimated in our analysis suggest that stellar eclipses between the components of H36A might occur, we searched for the available photometric observations in the public databases.
In the General Catalogue of Variable Stars (GCVS, Samus et al. 2017 ) H36A appears as a suspected variable (NSV 10081) based on the historic observations in the nineteenth century by Sir John Herschel (Herschel 1847) and Johann Schmidt (Schmidt 1868) . A catalogue of variable stars constructed from the "All-Sky Automated Survey for Supernovae" data (ASAS-SN, Shappee et al. 2014; Kochanek et al. 2017 ) has been very recently published by Jayasinghe et al. (2018) . H36A is included there as ASASSN-V J180340.37-242241.3, a variable source of type Gamma Cassiopeia (GCAS) with a probable period of 371 days.
We retrieved the photometric data from the ASAS-SN server 3 , which consist of a time-series of the V or g-band magnitudes extracted in a fixed two-pixel (16") aperture, with a background computed in an annulus of 7-10 pixel radius (56"-80"), and calibrated using the AAVSO Photometric All-Sky Survey (APASS; Henden et al. 2015) catalog.
The ASAS-SN images are obtained through a with of telescopes in both hemispheres. In the case of H36A, the images correspond to four different cameras which show a different behavior. The photometric time-series corresponding to the camera named "bh" resembles the observed in GCAS-type variables, with a minimum followed by a sharp rising. However, the behaviour of the "bg" camera data during the same period is very different, showing scattered points around a mean value. Such a large difference between the photometry determined from both cameras casts doubt on the GCAS-variable type reported by Jayasinghe et al. (2018) . It must be noted that the area around H36A is very complex, showing several stellar sources and large changes in the brightness of the sky within few arc-seconds. In consequence, blending, crowding and background subtraction may be critically affecting the ASAS-SN results.
On the other hand, we analyzed the ASAS-SN data corresponding to the camera "bg" and found that the period search brings a weak signal around 1.5417 d, a value very close to the spectroscopic orbital period of the inner binary. The bottom panel of Figure 6 shows the folded light curve constructed by phasing the ASAS-SN data against the spectroscopic period of 1.54157 d obtained in this work. The presence of shallow eclipses or ellipsoidal variations, is observed. One of the minima occurs during the orbital conjunction (phase 0.0) in which the primary O-star component is behind the B-star secondary. This featured light curve is in agreement with the orbital inclination of ∼ 55 • suggested for the close pair. The scenario resembles the triple massive system HD 150136 (Mahy et al. 2018) , in which the inner binary (period ∼ 2.67 d) presents grazing eclipses, being in an orbit with an inclination of 62 • . To summarize, although the quality of the ASAS-SN light curve does not allow further analysis, it provides considerably important evidence on the existence of stellar eclipses or ellipsoidal variations in H36A. Future photometric observations are essential.
SUMMARY AND OUTLOOK
H36A has been previously shown to be a hierarchical triple, composed of a close binary (Ab1,Ab2) in wide orbit around a third star (Aa). In this paper we used a large set of high-resolution, high S/N optical spectroscopic observations to characterize the spectral and orbital properties of this massive system in the most accurate possible way. The disentangling of the composite spectrum allowed to improve the spectral classification of the individual components, which resulted in O7.5 Vz, O9.5 V and B0.7 V for Aa, Ab1 and Ab2, respectively. High precision spectroscopic solutions were determined for the close binary orbit, the "inner" orbit, as well as for the orbit of Aa and Ab around the center of mass of the triple system, the "outer" orbit. Inner and outer orbits turned to be not coplanar, being their relative inclination of at least 20 degrees. Dynamical minimum masses of 20.6 M for Aa, 18.7 M for Ab1, and 11.5 M for Ab2 were derived, in reasonable agreement with other empirical determinations and the current theoretical calibrations. We also used the only interferometric observation obtained so far to impose additional constraints on the total mass of the triple system as well as on its distance from the Sun. Our results point to a minimum total mass of 50.8 M and suggest the distance to the system must be equal or larger than 1.25 kpc.
The orbital properties of multiple stellar systems are closely related to their origin. Therefore, like other massive triple systems whose inner and outer orbits can be determined with reasonable accuracy, H36A is a key object to prove the current scenarios of massive star formation. High-resolution spectroscopic monitoring of massive stars, such as the OWN Survey, are crucial to find more interesting systems and determine their orbits. However, a complete orbital characterization cannot be obtained from RV-studies only. Either astrometric observations and/or photometric data, provided the system is eclipsing, are necessary.
Since the orbital inclinations estimated in our analysis suggested the possibility of occurrence of stellar eclipses between the components of H36A, we investigated its photometric variability using the optical observations from the ASAS-SN public database and found evidence of shallow eclipses in the inner binary. Further photometric observations are thus essential. The projected physical separation between the inner binary is 0.07 au which, at the distance of H36A, translates into a projected angular separation completely unresolvable with the present technology. However, the two main components Aa and Ab (average separation of ∼ 4.5 au) can be resolved (and have been once) using long-baseline optical interferometry. By now a unique astrometric observation is available, whereas at least three are required for the orbital inclination to be accurately calculated. Future astrometric data and the computation of the visual orbit will be of value.
H36A has historically called the attention of the researchers due to its likely extreme youth, having been even suggested to be on the zero age main sequence. In a parallel paper (Arias et al. 2018 , in preparation) we use theoretical models along with the disentangled spectra presented in this work to completely characterize the physical properties of the three stellar components and investigate the evolutionary status of this peculiar massive system.
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